Weanling male rats were fed for 6 weeks vitamin D-deficient rations which contained 2 levels of protein with varying levels of supplemental calciferol. Vitamin D decreased the concentration of free lysine but had no apparent effect on free methionine or valine in plasma. Increasing the level of the vitamin significantly increased the concentration of cholesterol and total lipids in liver of rats fed 9% of casein but had no significant effect on that of animals fed 18% of casein. Increasing the protein intake decreased the level of lipids in liver of animals fed no vitamin D supplement or either level of the supplementary vitamin. The results suggested that amino acid-calciferol ratio may be important in lipid metabolism.
The work of Colovos et al. (1) showed that insufficient vitamin D in the ration of calves significantly decreased protein utili zation and inhibited the growth rate. Since then, Jonxis and Huisman (2) observed that vitamin D3 therapy reduced the amount of amino acids excreted by rachitic children. Steenbock and Herting (3) reported that vitamin D may be concerned with metabolism of soft tissue. Other workers have observed that addition of cal ciferol to the diet of experimental animals increases the concentration of cholesterol in body tissues (4, 5) . On the basis of these observations, the present study was made to determine the effect of dietary vitamin D on the concentration of certain free amino acids in plasma and cholesterol and total lipids in liver tissue of rats fed at 2 levels of protein.
EXPERIMENTAL
Male rats weighing 50 to 70 g of the Sprague-Dawley strain, were housed in in dividual galvanized metal cages with wire bottoms and given food and water ad libitum during the 6-week experimental period. Three groups of 12 rats each, simi lar in weight and littermate distribution each received diets which contained 9% of protein and zero, 100 or 10,000 IU of vitamin D (calciferol) per week. Three more groups received 18% of protein with corresponding amounts of vitamin D. The vitamin D supplements, which were ad ministered orally 3 times/week, were pre pared by the addition of weighed quantities of calciferol to weighed amounts of cot tonseed oil to give the desired concentra tions of calciferol and to provide a com parable amount of carrier for each group of animals. The complete diets are shown in table 1.
Blood from non-fasted, decapitated rats was collected in 15-ml centrifuge tubes which contained 3 mg of sodium heparinate (6) . Equal volumes of plasma from 4 rats in each dietary group were pooled. Protein-free nitrates were prepared (7) and assayed microbiologically for lysine, methionine and valine (8) .
Liver tissue from each rat was analyzed for cholesterol (9) and total lipids of liver were measured by the method of Bloor (10) as modified by Okey and Lyman (11) .
RESULTS
Free amino acids in plasma. The plasma levels of lysine, methionine, and valine of the animals receiving the differ ent diets are shown in table 2. Supple mental feeding of 100 or 10,000 IU of vita min D/week decreased the concentration of plasma lysine at both levels of protein intake, but had no significant effect on methionine or valine (F value for methi onine = 0.88, for valine = 0.66, required for P < 0.05 = 3.88). The effect of vita min D on plasma lysine was significant at the 1% level. Increasing the casein level of the diet significantly increased (P < 0.01) the concentration of plasma methionine and valine but had no significant ef fect on plasma lysine (F = 1.98, required for P < 0.05 = 4.75).
Liver cholesterol and total lipids. In creasing the dietary protein from 9 to 18% significantly decreased (P < 0.01) the con centration of liver cholesterol and of total lipids (table 3) . When 9% of casein was fed, the concentrations of liver cholesterol and of total lipids increased when vitamin D was added to the diet. The effect was highly significant (P<0.01).
Vitamin D had no effect on the concentration of lipids in liver of animals fed 18% of protein.
Growth. A summary of the growth data is shown in table 3. At the close of the experimental period the total weight gain of animals fed 9% of casein was not significantly affected by the level of dietary vitamin D. However, the mean body weight of animals fed no vitamin D sup plement had been less than that of the other 2 groups until the last week of the experiment when it surpassed them. When 18% of casein was fed, the weight gain of animals fed 100 IU of the vitamin was significantly greater (P<0.01) than that of animals receiving no vitamin supple ment. The weight gain of animals fed 10,000 IU of the vitamin did not differ sig nificantly from that of animals receiving the lower level of vitamin supplement. The weight gain of animals fed 18% of casein was more than twofold that of cor responding animals fed 9% of casein.
During the last 2 weeks of the experi ment a marked change occurred in the ap pearance of the animals fed 9% of casein plus calciferol. The rats showed alopecia over parts of the body and the remaining hair was matted and coarse. The irregular appearance of the fur was most pro nounced in 6 animals fed 100 IU of vita min D and 4 animals fed 10,000 IU of the vitamin. The fur of all animals fed 9% of casein with no vitamin D supplement was smooth. At the end of the experi mental period, the animals fed 18% of protein were all healthy in appearance.
DISCUSSION
Since previous work (12) indicated that the level of free lysine, methionine and valine in plasma of the rat may be affected by certain dietary nutrients, these amino acids were selected for the study of the re lationship between dietary vitamin D and free amino acids in plasma. The results suggest that the elevated level of lipids in liver of animals fed 9% of protein com pared with those fed 18% of casein were due, in part, to the decreased levels of valine and methionine in plasma. The ef fect of dietary methionine on lipid deposi tion in tissues has been well documented (12) (13) (14) (15) .
Sidransky and Baba (16) re ported that rats force-fed a diet deficient in valine developed fatty livers. The data for animals fed 9% of protein suggest fur ther that the change in ratio of plasma lysine to other amino acids which resulted from the addition of vitamin D to the diet may have been the critical factor which precipitated the higher levels of liver lipids in the animals fed this supplement. Re ports from other laboratories have shown a relationship between dietary lysine and the concentration of lipids in tissues (16â€" 18). In the present study the decreased level of lysine in plasma of animals fed 18% of protein plus vitamin D had no effect on lipid tissues. This suggests that amino acids or other nutrients not in cluded in the analyses may also be related to vitamin D and lipid metabolism at low levels of protein intake. In a recent evalu ation of mineral mixtures used for experi mental studies Williams and Briggs (19) pointed out that the USP XIV salt mixture used in this study is deficient in zinc and supplies less than the National Research Council (20) recommendation for certain other minerals. The apparent healthy con dition of all animals fed 18% of protein indicated that zinc per se was not a con tributing factor in observations of this study.
Whether the use of a higher level or a different type of fat in the present study would have shown a relationship between vitamin D and lipids in animals fed 18% of protein is unknown. Nath and Harper (5) obtained evidence that the addition of 1 mg of calciferol to 100 g of a diet which contained 25% of hydrogenated co conut oil and 20% of casein with added methionine increased deposition of choles terol and total lipids in liver of rats. In the studies of Lee and Herrmann (4) the addition of vitamin D to a diet which con tained 66% of sucrose, 18% of casein and 8% of hydrogenated oil increased se rum and liver cholesterol of normal rats. With a diet of commercial laboratory chow 2 and added corn oil these workers showed that vitamin D had no effect on lipid concentration in tissues of the rat.
The use of pooled samples was neces sary because of small amounts of blood but the data presented indicate that die tary vitamin D may be related to lipid and amino acid metabolism. 
